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cense.Abstract A method is presented for qualitative identiﬁcation of dissolved volatile organic com-
pounds (VOCs) in non-drinking tap water samples based on applications of both solid-phase
extraction (SPE) and gas chromatography–mass spectrometric (GC–MS) techniques. Water sam-
ples were collected and passed over a micro-column packed with acid treated active silica gel phase
(pH = 2.6) for adsorption of dissolved organic species under this pH-condition. Silica-bound-
organics were then divided into equal portions followed by suspension into organic solvents of dif-
ferent polarities such as methanol, ethanol, butan-1-ol, ethyl acetate, diethyl ether and chloroform.
These suspensions were then automatically shaken for 1 h at room temperature. The organic
extracts were subjected to GC–MS analysis under temperature programming conditions. The mass
spectrum of each eluted chromatographic peak was library searched or manually interpreted to
identify the correct name and structure. Blank solvent and silica samples were also subjected to
the same GC–MS analysis for comparison.
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lsevier1. Introduction
Contamination of natural water resources is a growing prob-
lem worldwide, which leads to increased health problems and
lack of safe drinking water. It is important not only to protect
water resources from contamination, but also to monitor the
levels of contaminants to ensure that water is safe. Water is ex-
pected to contain trace amounts of some contaminants but this
does not mean that the water constitutes a health risk (US
EPA, 2008). The US Environmental Protection Agency
(EPA) has approved many primary and secondary standards
for drinking water to protect public health by ensuring safe
drinking water and protected groundwater (National Primary
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taminant level (MCL) is used by EPA, which is the highest le-
vel of a contaminant that is allowed in drinking water. Canada
and most European countries also have set similar guidelines
for drinking water quality, where the maximum acceptable
concentrations (MAC) for contaminants are published (Guide-
lines for Canadian Drinking Water Quality-Summary Table,
2007).
Volatile organic compounds (VOCs) are common contami-
nants in drinking and non-drinking waters. Some common
VOCs are BTEX (benzene, toluene, ethylbenzene, and
xylenes), chlorinated benzenes, dichloromethane (DCM),
chloroethene (vinyl chloride), di and trichloroethanes, dichloro-
propane, di- and trichloroethylenes, tetrachloroethylene, and
carbon tetrachloride. Possible sources of these compounds in-
clude industrial efﬂuent and waste disposal, solvents, gasoline
or oil spills on the ground surface, pesticides and herbicides used
in agriculture, and disinfection processes (US EPA, 2008).
Disinfectionby-products (DBPs) are formedduring thedisinfec-
tion process by the reaction of disinfectants with naturally
occurring organic matter in source water. Depending on what
kind of disinfectant is used, different types of by-products are
produced. For example, chemical disinfection using chlorine,
chloramines, or chlorine dioxide commonly produces trihalo-
methanes (THMs), haloacetic acids (HAAs), halogenated aceto-
nitriles, chlorinated ketones, chlorinated furanones and
cyanogenhalides (Krasner et al., 1989, 2006).During ozonation,
naturally occurring bromide in a water sample can react with
ozone to form bromate (Fiessinger et al., 1985). The use of UV
disinfection, at either low (LPUV) or medium pressure
(MPUV), is increasing due to its advantages with respect to
microbial inactivation and byproduct formation (Bukhari
et al., 1999). Several potential toxicants, however, have been
identiﬁed in photo-oxidized water, including oxalic and formic
acids (Bertilsson and Tranvik, 1998) and low molecular weight
ketoacids and aldehydes (Corin et al., 1996). Using UV light to-
gether with hydrogen peroxide (UV/H2O2), a process known as
advanced oxidation process (AOP), can reduceDPBs formation
(Tuhkanen, 2004).
Many different methods can be used to determine concen-
trations of contaminants in drinking water. Since the MCLs
for many contaminants are very low (sub ng/ml), very sensitive
analytical methods are highly demanded. Moreover, fast ana-
lytical methods are required because the number of samples to
be analyzed is usually high. Gas chromatography–mass spec-
trometry (GC–MS) is known as one of the most promising
techniques for water analysis regarding its high sensitivity for
VOCs.
Solid-phase micro-extraction (SPME) is a simple, inexpen-
sive, solvent-free extraction technique frequently used in water
analysis and treatment of dissolved organic as well as inor-
ganic species (Arthur et al., 1992, 1993; Page and Lacroix,
1993; Nilsson et al., 1995; Pawliszyn, 1997; Mahmoud and Ab-
del-Fattah, 2008; Mahmoud et al., 2008, 2008a, 2008b, 2008c).
This technique is commonly based on the utilization of modi-
ﬁed or unmodiﬁed inorganic solid-phase as silica gel and alu-
mina or organic phases including ion exchangers (Albishri
and Mahmoud, 2009; Mahmoud et al., 2004, 2007; Mahmoud,
2006).
In this submitted paper, a method is suggested for qualita-
tive identiﬁcation and analysis of non-drinking tap water dis-
solved volatile organic compounds (VOCs) based on aninitial step of solid-phase extraction (SPE) technique via appli-
cations of acid activated silica gel phase in the pH-value 2.6
followed by using GC–MS as an efﬁcient instrumentation for
separation and detection of very low concentration levels of
(VOCs). The applicability of the proposed method for the
analysis of common VOCs water contaminants can be used
and applied for analysis of various water samples from differ-
ent areas and sources in Saudi Arabia as well as bottled water
samples.2. Experimental
2.1. Chemical and materials
Chemicals are all of high purity analytical grade reagents. Or-
ganic solvents, methanol, ethanol, 1-butanol, ethyl acetate,
diethyl ether, were purchased from BDH Chemical Company,
Poole, UK and CHCl3 was obtained from Lab-Scan Analytical
Sciences, Dublin, Ireland. All solvents were used as received. Sil-
ica gel (0.063–0.200 mm, 70–230 mesh ASTM) was purchased
from Fluka AG, Chemische Fabrik, CH-9470 Buchs, Switzer-
land. Non-drinking tap water samples were collected from Fac-
ulty of Medicine, King Abdullaziz University, Jeddah, KSA.
2.2. Instrumentation
Shimadzu gas chromatography–mass spectrometer (GCMS-
QP2010S) equipped with a direct insertion probe (DIP) was
used to acquire the mass spectra of extracted volatile organic
compounds and detected in the electron impact mode (EI–
MS) by the application of 70 eV as the ionization energy.
The library search program is GCMS post run analysis and
loaded as software with the data system. The speciﬁcations
of the GC-column are RTx-5M5 column, 30 m length,
0.25 lm Thickness and 0.25 mm diameter.
2.3. GC–MS operating parameters
The GC–MS analysis and data acquiring were performed
according to the following conditions. The GC-oven tempera-
ture was set at 50 C for 2 min. Temperature programming was
operated by a heating rate set at 10 C min1 for 20 min. The
maximum heating temperature was adjusted at 250 C for
8 min. The total ﬂow rate was maintained at 20 ml min1
and the column ﬂow was 1.41 ml min1. The purge ﬂow rate
was set at 3 ml min1 and the linear velocity was set at
45 cm sec1. The Injector was adjusted to 200 C with split ra-
tio was 1:10. The operating program of the mass spectrometer
was as follows. Ion source was heated at 200 C, solvent cut
time was 2 min, interface temperature was 250 C and the ion-
ization energy is 70 eV.
2.4. Acid activation of silica gel
Acid activation of silica gel was performed as previously re-
ported (Mahmoud and Al Saadi, 2001; Mahmoud, 1999).
About 100g-silica was weighed and suspended into 400 mL
of 5 molar hydrochloric acid solutions. The suspension was
stirred at room temperature for 4 h. The acid solution was
then removed by decantation. The solid active silica gel
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to remove any traces of hydrochloric acid. Active acidic sil-
ica gel was dried in an oven at 120 C to remove any ad-
sorbed water molecules.
A suspension of 1 g-silica into 50 mL of DDW was used to
determine the pH-value of active acidic silica gel. A pH-meter
was used to measure the pH-value and this was found to equal
2.6.Table 1 Physical properties of water and organic solvents used in t
Solvent Dielectric constant Boiling point (C) Meltin
Water 78.54(25) 100 0
Methanol 32.6(25) 64.6 98
Ethanol 24.6(25) 78.5 114.1
1-Butanol 17.8(25) 117.6 89.5
Ethyl acetate 6.0(25) 77 83.6
Chloroform 4.81(25) 61.7 63.7
Diethyl ether 4.34(25) 34.6 116.3
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Figure 1 GC–MS chromatograms of ethanol and 1-buta2.5. Solid-phase extraction of VOCs
A sample of 10 g-active acidic silica gel was weighed and
packed into a preconcentration column (20 cm length and
1.5 cm internal diameter) connected to a 1 L reservoir. A sam-
ple of 1 L of non-drinking tap water was allowed to pass
through the column with a ﬂow rate of 2 ml min1. Afterhis study.
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(i-a). TIC of organic extract in methanol from blank silica
 
(i-b): EI-MS of 2,7-dimethyloctane as the identified compound from the  
                           chromatogrphic peak (tR = 7.90 min.)   
(ii-a): TIC of organic extract in ethanol from blank silica 
Figure 2 TIC-chromatograms and EI–MS spectra of VOCs extracts from blank silica gel phase in various organic solvents.
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(iii-a): TIC of organic extract in CHCl3 from blank silica 
(iii-b):EI-MS of 2,2,4,6,6-pentamethylheptane as the identified compound from the
 chromatogrphic peak (tR = 7.65 min).   
(iv-a): TIC of organic extract in diethyl ether from blank silica 
Figure 2 (continued)
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(iv-b): EI-MS of 2,2,4,6,6-pentamethylheptane as the identified compound from the
   
chromatogrphic peak (tR = 7.65 min).
(v-a): TIC of organic extract in ethyl acetate from blank silica 
(v-b): EI-MS of toluene as the identified compound from the chromatogrphic 
peak (tR = 3.34 min.) 
Figure 2 (continued)
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Scheme 1 Different types of silanol groups.
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nected to air ﬂow overnight in order to dry packed silica gel.
The 2 g of dry silica gel was then weighed and transferred to
a 50 mL ﬂask and 10 mL of the selected solvent (methanol,
ethanol, 1-butanol, ethyl acetate, diethylether and chloroform)
was added. The suspensions were shaken by an automatic sha-
ker for 1 h. These suspensions were left 10 min to settle down
and the supernatant solutions (organic solvent and extracted
VOCs) were then transferred to clean ﬂasks. About 2 lL of
the organic extract was taken and injected into the GC–MS.
This procedure was repeated three times for each solvent and
the injection and analysis of the organic extracts were repeated
in triplicate by GC–MS.
2.6. Blank identiﬁcation by GC–MS
The organic solvents used in this study to extract VOCs from
non-drinking water were also subjected to analysis by GC–MS
to identify the possible presence of dissolved organic species in
the solvent. The 2 lL of the selected solvent was injected into
the GC–MS under the same experimental and operational
conditions.
Blank silica gel was also tested to identify the presence of
surface adsorbed organic species according to the following
method. A sample of 2 g-dry silica gel was weight and trans-
ferred to a 50 mL ﬂask and 10 mL of the selected solvent
was then added and automatically shaken for 1 h. These sus-
pensions were left 10 min to settle down and the supernatant
solutions (organic solvent and extracted VOCs) were then
transferred to clean ﬂasks. About 2 lL of the organic extract
was taken and injected into the GC–MS. GC–MS chromato-
grams were collected for each pure solvent and for each blank
silica gel phase.
3. Results and discussion
3.1. GC–MS analysis of blank solvents
Organic solvents used in the extraction and desorption pro-
cesses of adsorbed VOCs from the surface of active acidic silica
were selected to cover wide range of polarities as well as differ-
ence in their physical properties as given in Table 1.
The collected chromatograms of these organic solvents are
represented as total ion current (TIC) as shown in Fig. 1. It
was found that methanol, ethanol, ethyl acetate, chloroform
and diethyl ether are all ultra pure and no contaminants are
present that may interfere with the performed study. Only 1-
butanol was characterized by the presence of few chromato-
graphic peaks, therefore, this solvent was excluded from this
study based on the expected possible interference of these
peaks.Table 2 Identiﬁcation of VOCs from blank silica gel via SPE and
Tested sample Extracting solvent tR chromatographic peak (min)
Blank silica gel Methanol 7.90
Blank silica gel Ethanol None
Blank silica gel Ethyl acetate 3.34
Blank silica gel Chloroform 7.65
Blank silica gel Diethyl ether 7.653.2. GC–MS analysis of acid activated silica gel as blank
Activated silica gel phase was also subjected to the same
extraction procedures in presence of different solvents without
running non-drinking tap water in order to identify the possi-
ble presence or adsorption of some organic compounds on the
surface of silica gel phases that may cause possible interfering
with other extracted VOCs from water samples. Fig. 2 shows
the TIC-chromatograms collected from the GC–MS of all ap-
plied organic solvents as well as the identiﬁed mass spectra of
the chromatographic peaks. The library search was followed to
identify the structure of each characterized component.
Fig. 2i–a shows the TIC of the organic extracts in methanol
from blank activated silica gel after following the extraction
procedures. The only identiﬁed chromatographic peak is lo-
cated at tR = 7.90 min and scan # 708. Fig. 2i–b represents
the collected EI–MS of this peak. Library search for this mass
spectrum revealed that the chemical structure might be 2,7-
dimethyloctane based on 97% similarity with the stored
spectrum.
Fig. 2ii-a the chromatogram of organic extract from blank
silica in ethanol. It is evident from this TIC that no character-
istic chromatographic peaks could be identiﬁed referring to the
high purity of ethanol as previously described and shown in
Fig. 1i. Fig. 2iii-a and iii-b show the TIC of organic extract
in CHCl3 from blank silica and EI–MS of the only minor peak
identiﬁed at tR = 7.65 min and scan # 690, respectively. The
library search for this mass spectrum revealed that the chemi-
cal structure of this compound may be related to 2,2,4,6,6-pen-
tamethylheptane with 97% similarity of the stored mass
spectra of this compound. The same observations as those
shown and reported in Fig. 2iii-a and iii-b were also character-
ized from the GC–MS analysis of the organic extract in diethyl
ether from blank silica based on the similar and identical TIC-
chromatogram and EI–MS of the minor peak (tR = 7.65) asGC–MS analysis.
Scan # Percent similarity (%) VOC compound name
708 97 2,7-Dimethyloctane
– – –
162 96 Toluene
160 97 2,2,4,6,6-Pentamethylheptane
160 95 2,2,4,6,6-Pentamethylheptane
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5
0.0
1.0
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(i-a): TIC- chromatogram of VOCs extract in Methanol
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(i-b): EI-MS of the chromatographic peak (tR = 10.667 min) identified as either 
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(ii -a ): TIC - chromatogram of VOCs extract in Ethyl acetate
Ethyl L-lactate or Triethylene glycol 
Figure 3 TIC-chromatograms and EI–MS spectra of VOCs extracts from non-drinking tap water in various organic solvents.
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(ii-b): EI-MS of  chromatographic peak at (tR = 4.298) identified as 2,2,4,4,6,6-
Hexamethyl-1,3,5,2,4,6-trioxatrisilinane with 
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(ii-c): EI-MS of chromatographic peak at (tR =5.639 min), identified as 3-Butenyl propionate 
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(iii-a): TIC- chromatogram of VOCs extract in CHCl3 
Figure 3 (continued)
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to the same compound 2,2,4,6,6-pentamethylheptane with
95% similarity. Fig. 2v–a and v-b show the TIC of organic ex-
tracts in ethyl acetate from blank silica and EI–MS of the peak
identiﬁed at tR = 3.34 min and scan # 162. The EI–MS of thispeak corresponds to the mass spectrum of toluene with 96%
similarity as identiﬁed from the library search. Table 2 com-
piles the data collected from the SPE and GC–MS analysis
of organic extracts in various tested solvents from blank silica
gel phase.
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(iii-b):  EI-MS of Chromatographic peak at tR = 3.347 min  identified as toluene 
(iv-a). TIC- Chromatogram of VOC extracts in diethyl ether 
Figure 3 (continued)
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water
Acid activated silica gel is characterized by the presence of sur-
face silanol groups as shown in Scheme 1. These groups are
responsible for adsorption and binding with the analyte of
interest via different modes of interaction. The pH-value
(2.6) of these surface groups refers to the capability of these sil-
anol groups for weak ion exchange as well as hydrogen bond
interaction (Jal et al., 2004). The capability of acid activated
silica gel for working as solid-phase extractors for certain
VOCs is explored in this section.
Fig. 3i–a represents the TIC-chromatogram of organic ex-
tracts in methanol from non-drinking tap water showing only
one identiﬁed chromatographic peak of dissolved VOC at
tR = 10.667 min and scan # 1041. The detected EI–MS spec-
trum of this VOC is shown in Fig. 3i–b. Library search of this
mass spectrum provided two compounds with the same per-
cent similarities and these are characterized as ethyl L-lactate(91%-similarity) and triethylene glycol (91%-similarity). Etha-
nol as an organic solvent was found to provide identical chro-
matogram and mass spectrum of VOC as described for
methanol and compiled in Table 3.
Fig. 3ii-a–c are the TIC-chromatogramand theEI–MSof the
detected VOCs from non-drinking tap water in ethyl acetate as
an organic extracting solvent. The identiﬁed mass spectrum of
the chromatographic peak at tR = 4.298 and scan # 277 was
found to be related to 2,2,4,4,6,6-hexamethyl-1,3,5,2,4,6-triox-
atrisilinane with 81% Similarity. The EI–MS spectrum of the
other detected chromatographic peak at tR = 5.639 min and
scan # 438 EI–MS was characterized as 3-butenyl propionate
with 96% similarity based on the library search. However, the
chromatographic peak at tR = 3.34 min was previously identi-
ﬁed as toluene as part of the blank silica extracted by ethyl ace-
tate as given in Table 1. The other chromatographic peaks at
tR < 3 min are mainly due to the solvent itself.
Fig. 3iii-a and iii-b are the TIC-chromatogram and EI–MS
of the detected VOC from non-drinking tap water in chloro-
Table 3 Identiﬁcation of VOCs from blank silica gel via SPE and GC–MS.
Sample Solvent Retention time (tR) (min) Scan # % similarity VOC Compound name
NDW Methanol 10.667 1041 91
91
Ethyl L-lactate
Triethylene glycol
NDW Ethanol 10.656 1034 91
91
Ethyl L-lactate
Triethylene glycol
NDW Ethyl acetate 4.298
5.639
277
438
81
96
2,2,4,4,6,6-Hexamethyl-1,3,5,2,4,6-trioxatrisilinane
3-Butenyl propionate
NDW Chloroform 3.347 173 97 Toluene
NDW Diethyl ether – – – –
Identiﬁcation of dissolved organic species in non-drinking tap water by solid-phase extraction 115form as an organic extracting solvent. Only a single chromato-
graphic peak was identiﬁed at tR = 3.347 min and scan # 173.
The EI–MS of this peak was identiﬁed as toluene with 97%
similarity. Finally, no characteristics chromatographic peaks
were identiﬁed in the TIC-chromatogram of VOC from non-
drinking tap water in diethyl ether as an organic extracting sol-
vent as represented in Fig. 3iv-a.
4. Conclusion
The results outlined and concluded from the presented meth-
od proved the possibility of existence of dissolved VOCs in
non-drinking tap water. The polarity of the tested solvents
played important role in the process of solid-phase extrac-
tion of dissolved VOCs in NDW samples. Some solvents
were found to behave similarly as methanol and ethanol
and other solvents are behaving in a different way based
on their variation in dielectric constant and water solubility.
The acidity of the tested silica gel as the solid-phase extrac-
tor was also experienced to play a signiﬁcant role in selec-
tion of the extracted VOCs based on its narrow pH-value
2.6. However, our future research efforts will be devoted
and focused on using and application of other treated silica
gel phases in order to cover the entire pH-range especially,
pH = 7 and 10 as a continuation of this work. Finally,
the beneﬁcial conclusion of this work can be summarized
on the basis of potential applications of acid activated silica
gel phases for removal and puriﬁcation of non-drinking tap
water from dissolved organic compounds. In addition, the
proposed method can be extended and applied for common
VOCs contaminants analysis in various water samples from
different areas and sources in Saudi Arabia as well as bot-
tled water samples.
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